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ABSTRACT

The objective of tiis research was to produce a broad set of data
on turfgrass water requirements ior warm ond rool season species, Evapotrans-
piration was calculated from z standard U. §. Weather Bureau evaporation pan
on turfgrass, together with cther weather daty including solar energy,
wind, tesmperature, and humidizy. Irrigation methodology was studded, soil
water sensing was conducted vich tensiometets, and neutron probe access
tubes were used re calculate real-time water replacement. Wabter savings
were evaluated to develop betzer irrigation practices in Cslifornia and in
other arid and semiarid rveglens. Three cool scason grasses (Foa pratensis
L., blend; Lolium perenne L., blend; and Fostucs arundinacae Schreb., "Wentucky=
31') and three warm season grasses {Paspalum vaginatum L., "adelayd'-'Excalibre';
Cynodon dactylon {L.) Pers. » C. Eransvoalensis Burtt-Davy, Santa Ana hybrid
bermudagrass; and Zoysia matreiia (1.} Merv., ‘'Jade') were researched in 2
crandomized block desipn with four replications,

The six prasses were irrigated at LOO%, BOX, and 60X of calculated
replacement evapotransplraticn. Tensicmeters were placed at 76 and 150 mn
depths in the coel season grasses and 200 and 300 mm in the warm season
grasses. Access tubes were installed in plots te a depth of 1200 mm in the
cool season grasses and 1B0OO mm in the warm scason. Scheduling was carried
on by the water budget technijue whick was calculated on a weekly basis
using wind modified pan evapcration data. State-of-the-art controllers were
programmed with this irrigation scheduling Information. The amount of
jrrigation was modified so that water did not pass below the 1200 and 1800
min depths of the neutron prote access tubes during the irrigation season.

Crop coefficients, ET/ETpsn, were determined for three years from
applied water and evaporation pan data. Ihey were found to be 0.7 for warm
(w) season grasses, ETw/ETpan, and 0.8 far coul season grasses, ETe/Elp.
This crop coefficient data was used to evaluate turfgrass respoenses of the
six species te 60X and 80% of replacement cvapetranspiration for water
conservabion.

Additional key words @ Water canservation, Pon pratensis, Lolium pérenne.
festuca arundinacea, Paspalun vaginatum, Cynodon dactylon, Zoysia matrella

(13 A contribution [rom the Jepartment of Botany and Plant Sciences, University
of Califernmia Riverside, California 92521 U.S.A.
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INRIRODUCTION

The objective of this research was to produce a data set on
turfgrass water requirements for warm and coel season grasses. Evapotrans-
piration and crop coeflicients were determined using # standard Y. 5. Weather
Buresw class A evaporation pan, together with a net radiometer, anemomeber,
and wet and dry bulb thermometers. Irrigation methodology was studied, soil
water sensing was conducted with tensiometers, and neutron probe access
tubes were used to calculate real-time water teplacement. Water savings
were evaluated to develop better ifrripation practices in Californla and in
other arid and semiarid reglons. TIhree cocl season grasses {Poa pratensis
L., blend; Loilum perenne L., blend; and Festuca arundinacae Schreb., 'Kentucky~

31') and three warm season grasses {Paspalum vaginatum, L., 'Adalayd’-
Excalibre'; Cynoden dactylon (L.) Pers. x C. transvoalensis Burtt-Davy,
Santa Ana hybrid bermudagrass{ and Zoysia matrella {(L.) Herv., 'Jade') were

researched in a randomized block design with four replications.

The six grasses were irrigated at 1400%, 80%, and 60% of calculared
replacement evapotranspiration. Tensiometers were placed at 76 and 150 um
depths in the cool seasen grasses and 200 and 300 mm in the warm season
grasses. Access tubes for pewtron probe deep soil moisture determination
were installed in plets to a depth of 1200 mm in the cool season grasses and
1800 mm in the warm seasoa.

METHGORS

Irrigation scheduling was conducted by the water budget technique.
Irrigations were scheduled weekly using mm of evapotranspiration (ETgrass),
for both warm season and cool season grasses. Elgrass is considered the
evapotranspiration of applied water ETaw. The plots were divided into warm
and cool season grasses and were sprinkler drrigated. EIgrass tan be deter-
mined by using either the real-time method or the historical method. Both
methods must assume a measured uniformity (CU). The C.U. was 87 percent and
the extra water factor, E.W.F. = 1.35: cthe statistical methed of deter-
mining water applications to provide 1 unit volume of water to §0 percent of
the surface area.

Real-Time Method

This method uses the reference EI (Elo) method described by Doorenbos
and Pruitt, 1977, and a crop coefficlent (Kc) estimated from previous turfgrass
research by Marsh, at al., 1978. Reference ET (ETo) 4is calculated as:

ETO = Epﬂﬂ ® Kpan fl}

where the Kpan values are found in Jable 18 of Doorenbos and Pruitt, 1877,.

The crop coefficients (Ke} for warm and cool season grasses were
calculated assuming that maximum tensiometer readings of 40 cb and 35 cb are
the most efficient limits for water use by warm and cocl season grasses,
respectively. Evaperation and water use data from the Marsh, et al., 1978,

experiment were:
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Warm Season Cool Season
Seasonal evaporativn (BPI} pan 1194 mn 1301 mm
40 cb and 35 cb treatments 635 mm 1011 mm

A BPL evapoeration pan evaporates approximately 80 percent of a class
A pan, Doorenbos and Pruitt, 1977, so the following annual Kp = (ET grass/Epan)
values for grass were calculated as:

Cool season Rp = 1011 x .8 = 0.622

1301

Warm season Kp = 635 -
Tio4 * .8 0.426

Elgrass is calculated as:

ETgrass = Epan x Kp = Epan x (Kpan x Kc) 2]

and tierefore Kp = Kpan x Kc [3

and Ke = Kp {a]
Kpan

ihe normal Kpan = (ETo/Epan) valuea in a maritime c¢limate with 10 meters
fetch is Kpan = 0.75, so the K¢ = (ETgrass/ETo} for 5CFS was calculated as:

Cool) season Ko = 0.622 = 0.83 Warm season Ke = 0.426 = (.57
0.75 0.75

€alculacion of EIgrass from pan evaporation involves two steps:

Step i: lhe pan data are multipled by the constant crop coefficient
{Ke).

Step 2: The product is multiplied by the pan coefficient (Kpan), which
adjusts for variatlons in wind and humidity.

Historical Method

Ihe histerical method of determining Efgrass was calculated using Kp
values determined from previous research by Marsh, et al., 1978, Eq. 5.

Elgrass = Epan x Kp [5]

The Kp values vary f[rom meunth to month in order to agcount for normal variations
in the climate at the South Coast Field Station (SCFS) and the growth curves

of turfgrass. JTable 1 lists the crop coefficients (Kp) for SCFS as well as
California bepartment of Water Rescurces, 1975, estimates of rveference EI

{ETo) and the monthly Ke values (times .8) that can be used with the real-time
metiod equation [2)]. Conversion from mm of evapotranspiration to minutes of
operation, irripation time, is desirable and can be calculated as follows:

Calcuiate minutes of operation (MOO) multiplier using an

E““"F“go = 1.35.

MOG = ETgrass x EWF x Area (m3 % L/m3
average application rate {L.P.M.} [a6]
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The Liistorical method was chosen for this project, daily Epan data
were collected adjacent to the turf plots.

Eight and 60 percent ET were determined by multipiyling 100 percent
EI by .8 and .6, respectively.

RESULIS

The replacement water for the three irrigation requilrements, EIgrass
1006 percent, BO percent, 60 percent, was calculated weekly by the historical
method,[ 5}, Table 1, and equatien [63 for adjusting a solld state controller
with a uniformity measure.

fhe Epan is measured daily: the uniformity of the sprinkler system
was determined by can tests, yearly, to be 1.35 mm (EJ.-J.F‘.g = 1,35). The
formula used [6] and other Eactors are explalned in the mefhods section.

Replacement of soil moisture can be gscheduled datly or two or three
times per week depending on the time of year and seil moisture depletion
during a given period. Fhe calculated water application Lreatments were
imposed August 1, 1981, and were applied through December 3L, 1983,

In 1982, the calculated water application and actual, Table 2, were
about 1090 mm for 100 percent Efgrass cool season turfgrass. Warm season
gprasses were B64 mm. Rainfall which occurred primarily from November Lo March
wae 468.6 mm. The soil profile conservatively holds 300 mm depth of water In
the top L300 mm of soil. Rainfall did not appreciably affect the applied
water (Elaw) during the primary prowing season, April through November.

{ ikewise, the B64 mm applied to the warm season grasses wWas not apprecilahly
affected by nor was there evidence of deep percelation during the primary
growing season. Only 10k wm of rain were measured during the growing season.
The rainfall is subtracted from the original Epan reading and 1is, therefore,
reasonably accounted for in the calculated applications. A comparison af
calculated water appiicatien and actual in 1982 is shown in Table Z.

In 1933 a higher than normal rainfall season occurred with 807 mm of

precipitation. llowever, the profile was fllled during the winter and oniy 226
m fell from April to October 30, 19833 of that, 121 mm occurred in early
April. Water movement was Found, below the root zone, only on Jjune 29, August

29, Uctober 5, and October 17 in all plots of 100 and 80 percent ET in 1983.
Even duting a higher than normal rainfall season, the actual applied water 983
mm cool season (1983) 1% similar to a drier year, 1982, with 1097 mm appiled.
Most of the 114 mm of implied higher usage by cool season grasses may have
moved chrough deep percolation.

The warm season grasses actual appiicarion of 838 mm in 1982 and 864
mm in 1983 is not a large difference and indicates that careful scheduling can
be conducted and water conserved in wet or dry seasons. Perhaps siight downward
movement + 25 mm occupred in the warm Season grasses (Table 3)-
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DISCUSSION

Water conservation effectively saves about 20-40 percent of water
needs when 60-8C percent of ETgrass is applied. The desirability of using
warm season grasses in many areas of southern california with 60 to BO percent
sf ETgIass Versus cool season turfprass ar near 100 percent Elgrass indicates
aearly a 50 percent savings of water, 88 shown in Table 5.

Crop cvefficients, EI/EIpan, were ealcuiated for nearly three years
tfrom applled water and evaporation pan data. They were found to be about 0.7
for warm (w) season Brasses, ETw/ETpan, and 0 8 for cool {c) season prasses,
ETc/EIpan.

The Elgrass/ETpan ratlo cool season (.6} and warm season (.5) on 3
yearly basis is indicative of applications under near perfect efficiency.
Application efficiency, Ea, is @ major concersn in conservation.

1able L. Crop coefficients (Kp) from Marsh, et alA3 {fci historical method),
raefarence Ele and Epan estimates from DWR data , <rop coefficlents
fe for real-time method.

4 DWR Estimatel K¢
Month Warm Cool ETe Epan Warm Cool
mm nm
J Jhh .49 46 64 53 .61
F 43 .51 61 84 .54 B4
] LBl .60 79 104 ) .75
A .58 .83 97 125 W72 1.04
M .63 W76 114 147 .19 .93
1 .54 .70 130 168 .68 .88
J 57 .75 140 178 .71 .94
A .57 .69 140 178 11 .86
5 .50 .59 114 147 .62 L7h
o L4 .60 86 117 .54 .75
N A6 .55 66 g1 .58 .69
) Lhd LhB 36 79 -85 .60
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Table 2. Comparison of raleulated water appiication rate TO
actual water appiied for 1982 (t/1/82 LZ/31/82),
Sprinkler Watar Applied (mm}* Application Rainfall
Plots Caleulated! Astual? Ratio Percent {rm}
Coeol s#ason
1002 ET 1996 1697 1.01 101 468.6
80% ET 87! 489 0.82 82
6074 EX 653 676 0.62 62
Warm sePason
1Q0% ET 848 Bbd 1.02 102
BO% ET 678 696 0.82 8z .
60% ET 508 549 0.65 63
Tabte 3. Comparison of caleulated water applicaticen rake to
grtual water applied for 1983 (r/1/83 - 12/31/83)*.
Sprinkler Water Applied {(mm)* Application Rainfall
Pilots Calculatpdl Actual Ratio Percent {mm)
Cool seagon
L0C% ET 1059 a8l 0.93 93 BO7
BOZ BT 848 810 .76 75
60% ET 635 622 0.59 59
Warm seasan
foox ET BS3 B1B 0.98 98
BO% ET 683 655 0.77 77
60% ET 513 498 0.58 58

*# £lass A pan svaporatlan 1397 mm for 1982 and
| Calrulated from evaporation (Ctass A pan) m
2 Aetual appiled water from meters.

1413mm for 1983.

inus rtainfall.
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Table 4. Comparison of rcalculated water application ratem to
actual water applied {8/1/8B1 -~ 12/31/83)%,

Sprinkler Water Applied (mm)* Application Rainfall
Piots Catrulated! Actual? Ratio Percant {(nm)

Cool seagson

Loo% ET 2609 2652 1.02 102 1357
80% EX 1088 2093 G.80 80
60% ET 1565 1593 G.61 61
Warm season
100X ET 20830 2245 1.08 108
BOX ET 1644 i763 0.85 BS
60% ET 1247 1339 0.64 64

*# Class A pan avaporation 1397 mm for 8/i/81 ro t2/21/83.
1 Caleulated from Class A pan--ralnfall orcurrence.
2 Actual appllad water from meters.

Tabte 5. A summary of the cool and warm grason turvfgrass appear-
anca ratings and the water applind for rthe duvration of

the study. Performanre rating 1-9, with 9 best.
Irrigation Turf Apprarance Water Applied (ET}
Regime B/BL - 12/83 Actual ETgrass
Coc}l seasont P. L. F.

pratensis prrenne arundinaces

100% EX 5.5 y* 6.2 y 5.8 y 2652 1963
BOZ ET 5.3 ¥ 5.9 ¥ 3.7 yz 2093 1549
60% ET 4.8 = 5.0 2z 5.3 =z 1593 E179

Warm srason:
Cynodon P Z.
5p- vagInatum mattella

100X ET 6.5 ns** 5.8 ns 5.6 x 2245 1664
BGX ET 6.5 5.8 4.8 y 1763 1306
60% ET 6.4 Stk 4.2 =z 1339 991k

1 ETprass equaly the actual applied water divided by the Extra
Warer Fantor (Engo) which 15 1.35.
* VYalues fellowad by rommon latters are not stgnificantly



364 J.L. Meyer, V.A, Gibeault, V.B. Youngner

LITERATURE CITED

California Department of Water Resources. Vegetative Water Use in
california, 1974. 1975, Bulletin 113-3.

Boorenbos, J. and Pruitt W. 1977. Crop Water Requirements. FAD 24.

tharsh, A , Strohman 8., Spaulding S., Youngner V., and Gibeault V.
1978. Turfgrass irrigation research at the University of California,
16th  Annual Turfgrass Sprinkler Irrigation Conference Proceedings .

pp 1-12.

SUMMARY IN FRENCH

fiirrigation des graminées & gazon a des doses inférieures & l'évapotrans-
piration comme moyen de conservation de l'eau ; détermination du coefl-
[icient d'utilisation de l'eau chez les praminées & gazon.

L'objectif de cette étude é£tait de fournir le maximum de résultats
sur les besoins en eau des espéces 4 gazon de "saison froide” el de
wgaison chaude™. L'évapotranspiration a &té calculée fA& partir d'un
évapotranspirométre standard de 1'U. 5 .Weather Bureau aiJ;L que d'autres
données météorologigues telles que l'énergie solalre, le vent, la tempéra-—
ture, t'hygrométrie. De plus la méthodologle de l'irrigation fut &tudiée,
la perception de l'eau du sol fut effectuée & l'aide de tensiométres
et des sondes & neutrons furent utilisées pour calculer le temps reéel
de remplacement de l1'eau. Des gconomies d'eau furent é&valuges afin
de développer de meilleures pratigues de l'irrigation en Californie
et dans d'autres régions arides et semi-arides. Irois espices de "salson

froide” {un mélange de cultivars de Poa pratensis L., un mélange de
cultivars de Loliwm perenne L. et la variété Kentuchy 31 de Festuca
arundinacea Schreb. ] et trois espices de Msaison chaude” { les cultivars

"hAdaleyd' et ‘'Excalibre’ de Paspajum vaginatum L., 1'hybride 3Santa
Anna de Cynoden dactylon {L.} Pers. croisé avec C.transvaalensis Burtt-
Davy et la varigté 'Jade' de Zoysia matrella (L.) Merw. installées
dans un essai en blocs randomisés furent utilisées pour ce travalil.

Les six graminées regurent des apports d'eau de 100 % B0 % et 60
% de l'évapotranspiration <calculée. Des tensiométres furent placés
dans le sol & des profondeurs de 76 et 150 mm cans les parcelles des
espéces de “"salson [froide" et % des profondeurs de 200 et 300 mm dans
celles des espéces de '“saison chaude”. Les tubes pour sondes & neutrons
furent descendus & des profondeurs respectivement de 1200 et 1800 mm
dans les parceiles des espéces de "saison froide” et cellies de "salson
chaude”. Lle programme d'irrigatfon a @té réalisé selon la technique
du bilan hydrigue qui é&tait calculé chaque semaine en utilisant les
données de 1'évapotranspirométre modifiées par le venl. Des contrfileurs
furent programmés & partir de ce programme d'information de l'irrigation.
La guantité d'eau apportée fut ajustée de fagon que le niveau de l'eau
ne descende pas en dessous de 1200 et 1BCO mm, profondeurs des sondes
4 neutrons au cours de 1la saison d'irrigation.

Les coefficients d'utilisation de l'eau repport : {ETP calculé)/{ET mesu~-
ré par évapotransplrométre} déterminés sur 3 ans a partir des quantités
dteau apportées et des données de 1'évapotranspirométre. Ils furent
trouvés égaux & 0,7 pour les espéces de “saison chaude” {w} et 0,8
pour les espiéces de "salson frolde" {c). Ces coefficients d'utilisation
de 1'eau furent utilisés pour évalwer Lles réponses des six ‘espices
4 gazon & des apports de &0 % et B0 % de 1'évapotranspiration aflin
d'assurer une conservation de 1l'eau.




